options such as low-intensity warfarin and aspirin plus clopidogrel have been suggested but are inferior to dose-adjusted warfarin. Novel oral anticoagulants with promising efficacy and convenience hold great appeal. Optimal management of underlying medical conditions and modifiable stroke risk factors, together with intervention to improve the safe use of oral anticoagulants, are useful.
Introduction
Atrial fibrillation (AF) is common in the elderly. The prevalence tends to increase with age with 1.7% in people aged 60-64 years increasing to 17.8% in those aged ≥85 years. 1 A similar trend has been reported in the Chinese population despite a lower prevalence of 1.3% in the 60-69 years' age-group and 7.5% in those aged 80-89 years. 2 Atrial fibrillation is an independent risk factor for stroke. 3 There is an almost five-fold increase in age-adjusted incidence of AF-associated stroke if no anticoagulation therapy is given. The attributable risk of stroke associated with other cardiovascular risk factors-such as hypertension, congestive heart failure, and ischaemic heart disease-decreases with age. In contrast, the attributable risk for stroke associated with AF increases with age, rising from 1.5% in people aged 50-59 years to 23.5% in those aged 80-89 years. In addition, consequent stroke tends to be more severe with significant disability, and mortality rate is double that of non-AF stroke, especially in people ≥75 years. 4 Thus, older patients with AF are particularly prone to stroke and its adverse effects.
Antithrombotic therapy is effective in reducing AF stroke risk with oral anticoagulant (OAC) more efficacious than antiplatelet agents. 5 Until recently and before the advent of novel OAC, the vitamin K antagonist, warfarin, was the only OAC available and it is still the most common OAC prescribed nowadays. Nonetheless, warfarin is inconvenient to use and its associated bleeding risk is particularly troublesome for the elderly. As a consequence, it is often underutilised in the elderly.
Stroke risk assessment
Stroke risk varies widely in AF patients and depends on the presence of stroke risk factors. There are several risk stratification schemes to facilitate the decision to commence antithrombotic therapy of which the CHADS 2 or CHA 2 DS 2 -VASc score is the most common and easy to use with satisfactory reliability (Table 1) . 6, 7 The CHA 2 DS 2 -VASc score is an extension of the CHADS 2 (congestive heart failure, hypertension, age ≥75 years, diabetes mellitus, and prior stroke or transient ischaemic attack [TIA] ) with the addition of other stroke risk factors (vascular disease in the form of prior myocardial infarction, plaque in aorta and peripheral artery disease, age 65-74 years, and female sex) that enable a more comprehensive stroke risk assessment. Prior stroke or TIA, and age ≥75 years are regarded as major risk factors and score 2 points each while other risk factors are regarded as non-major risk factors and score 1 point each. Recommendation for antithrombotic therapy is based on the presence or
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absence of risk factors.
Anticoagulant use in atrial fibrillation for stroke prevention
An anticoagulant that clears clotting factors from the circulation to prevent blood clot formation is considered the most effective AF stroke preventive therapy. The traditional anticoagulant, the vitamin K antagonist-warfarin-impairs the synthesis of clotting factors II, VII, IX, and X; novel OACs selectively inhibit only thrombin (dabigatran) or factor Xa (rivaroxaban, apixaban, and edoxaban). Adjusted-dose warfarin (target international normalised ratio [INR], 2-3) has been shown to reduce stroke risk by 64% while antiplatelet agents to reduce the risk by 22% 5 ; high-risk patients showed larger stroke risk reduction with warfarin. There was a small increase in major extracranial and intracranial haemorrhage (ICH) risk (0.2%-0.3% per year) associated with warfarin but overall mortality was significantly reduced (26%) by warfarin.
The European Society of Cardiology incorporated the CHADS 2 /CHA 2 DS 2 -VASc risk stratification scheme into guidelines to help clinicians decide the most appropriate antithrombotic therapy. 8 It recommends no treatment rather than aspirin for patients with CHA 2 DS 2 -VASc score of 0 (including female <65 years) because aspirin may not be better than no treatment in the reduction of stroke risk and increases the bleeding risk 6 ; OAC is recommended for those who score ≥1.
Underutilisation of oral anticoagulant in the elderly
The elderly with AF, especially those aged ≥75 years, are considered to have at least one major risk factor for stroke with a CHA 2 DS 2 -VASc score of 2, thus, OAC is certainly recommended. Nonetheless, it is underutilised in the clinical setting. Among older patients with known AF without contra-indications to OAC and admitted for ischaemic stroke, only 40% were prescribed warfarin prior to the stroke event. 9 Prescription rate decreased with increasing age, from 75% in those <70 years to 24% in those aged ≥90 years. 10 Overestimation of the bleeding risk and disadvantages associated with advanced age are barriers to prescription of OAC in the elderly. The most commonly cited reason not to anticoagulate is increased bleeding risk followed by fall risk. Abbreviations: CHF = congestive heart failure; DM = diabetes mellitus; HT = hypertension; LV = left ventricle; MI = myocardial infarction; PAD = peripheral arterial disease; TE = thromboembolism; TIA = transient ischaemic attack 13 The main benefit was seen in the reduction of severe or disabling non-fatal stroke. The efficacy of warfarin did not change with increasing age. There was no difference between the two groups in major bleeding rate.
Analysis of the Atrial Fibrillation Investigators database revealed that the relative benefit of OAC versus an antiplatelet agent and no antithrombotic therapy did not vary by age for ischaemic stroke prevention whilst the benefit of an antiplatelet agent decreased with age.
14 Analysis of local registry data from 2339 non-valvular AF Chinese patients aged ≥80 years demonstrated a lower rate of ischaemic stroke and death in patients prescribed warfarin (hazard ratio=0.53; 95% CI, 0.48-0.58) but a higher ICH rate than in those without anti-thrombotic therapy after 2.2 years' follow-up (1.1% per year vs 0.6% per year). 15 Overall, net clinical benefits favoured warfarin for all elderly patients, particularly those at high stroke and ICH risk.
Therefore, age alone should not be a reason to exclude anticoagulation.
Bleeding
Elderly patients are prone to anticoagulant-associated bleeding. The incidence of life-threatening or fatal bleeding has been shown to be significantly higher in elderly patients aged ≥80 years than in those aged <50 years (relative risk=4.6; 95% CI, 1.2-18.1) on warfarin. 16 Major bleeding risk has been shown to rise with increasing age in AF patients regardless of anticoagulant use; patients ≥80 years on warfarin were at particularly high risk of ICH. 17 Further, ICH as a consequence of warfarin intake was associated with poor outcome; 3-month mortality was double that of patients not taking warfarin. 18 The Chinese population has a higher background haemorrhagic stroke rate that accounts for at least 30% of all strokes. 19 Together with a four-fold higher warfarinassociated ICH risk in Asians compared with whites, 20 concern about warfarin is even greater in Chinese elderly patients.
A simple bleeding risk score, HAS-BLED (hypertension, abnormal renal/liver disease, stroke history, bleeding history, liable INR, elderly >65 years, drugs/alcohol) [ Table 2 ], has been derived to predict major bleeding risk in AF patients 21 and incorporated into AF management guidelines as an indicator for bleeding risk. 8 A score of 0-1 indicates 'low risk' with annual bleeding rate of <2%, a score of 2-3 indicates 'moderate risk' with annual bleeding rate of 2%-4%, and a score of ≥4 indicates 'high risk' with annual bleeding rate of >4%. It is particularly useful in predicting major bleeding risk in patients who are receiving an antiplatelet agent alone or no antithrombotic therapy prior to the initiation of OAC. Its use is not to exclude patients from OAC but to identify modifiable bleeding risk factors that can then be corrected to minimise bleeding risk. Assessment of both CHA 2 DS 2 -VASc and HAS-BLED can help balance the stroke risk and bleeding risk in AF patients, but details of how to incorporate the CHA 2 DS 2 -VASc score into the HAS-BLED score to guide the management of AF needs further study. 
HAS-BLED Score

Hypertension* 1
Abnormal renal and liver function (1 point each) † 1 or 2
Stroke history 1
Bleeding ‡ 1
Labile international normalised ratios § 1
Elderly (>65 years) 1
Drugs or alcohol (1 point each)|| 1 or 2
Maximum score 9
* 'Hypertension' is defined as systolic blood pressure of >160 mm Hg † 'Abnormal renal function' is defined as the presence of chronic dialysis or renal transplantation or serum creatinine of ≥200 μmol/L. 'Abnormal liver function' is defined as chronic hepatic disease (eg cirrhosis) or biochemical evidence of significant hepatic derangement (eg bilirubin >2x upper limit of normal, associated with aspartate transaminase/alanine transaminase/alkaline phosphatase >3x upper limit normal) ‡ 'Bleeding' refers to bleeding history or predisposition to bleeding (eg bleeding diathesis, anaemia) § 'Labile international normalised ratios' refers to unstable/high international normalised ratios or poor time in therapeutic range (eg <60%) || Drugs/alcohol use refers to concomitant use of drugs, such as antiplatelet agents and non-steroidal anti-inflammatory drugs, or alcohol abuse
Fall
Fall risk and fall-related head injury with ICH increase with age, which is another concern when considering anticoagulation. Using pooled data from major AF trials, warfarin showed a net benefit of stroke protection in elderly patients with average stroke and fall risk over aspirin or no treatment in terms of higher qualityadjusted life-years. 22 Regardless of patient age or baseline stroke risk, fall risk was not an important factor in determining optimal therapy: patients with average fall risk would need to fall 295 times in a year for warfarin not to be the optimal therapy.
Another database study of nearly 20 000 elderly AF patients (mean age, 80 years) found that patients at high fall and stroke (CHADS 2 score ≥2) risk appeared to have a net benefit from OAC despite an increased baseline ICH risk, in which OAC use was associated with a 25% relative risk reduction in the composite outcome of stroke, any haemorrhage, myocardial infarction and death whilst there was an insignificant reduction in those at high risk for fall but with CHADS 2 score of 0 or 1.
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A subsequent prospective study showed that among 515 AF patients discharged on OAC, there was no significant increase in major bleeding rate (including fatal haemorrhage and ICH) in patients at high fall risk compared with those at low fall risk at 12 months. 24 These data suggest that in patients with valid indications for anticoagulation, the benefits outweigh the risk, and fall risk should not be a sole reason to withhold anticoagulation.
Narrow therapeutic range, co-morbidities, and polypharmacy
Maintaining INR at 2 to 3 for at least 60% of the time provides effective stroke prevention and minimises bleeding risk. 8 Nonetheless, maintaining this optimal range is not easy as it is influenced by both internal and external factors.
Consistent dietary intake of vitamin K is important for stable anticoagulation. This is difficult for elderly patients with poor health, who get sick frequently, have a poor diet and fluctuating vitamin K intake, or for patients with cognitive impairment who cannot comply with a diet with constant vitamin K content.
Many concurrent diseases can also influence INR control. It is particularly troublesome during the exacerbation of disease or if the disease course is fluctuating. Hepatic dysfunction impairs synthesis of clotting factors and thus potentiates the anticoagulation effects. Hepatic congestion as a result of congestive heart failure can inhibit warfarin metabolism and lead to accumulation of warfarin and over-anticoagulation. Hypermetabolic states such as febrile illness or thyrotoxicosis may increase catabolism of vitamin K-dependent clotting factors and may increase INR level. 25 On the contrary, hypothyroidism that decreases the catabolism of vitamin K-dependent clotting factors may decrease INR. Patients with AF with concomitant acute coronary disease and percutaneous coronary intervention require aspirin-clopidogrel dual therapy in addition to warfarin, and this further increases bleeding risk. Patients with severe chronic kidney disease (estimated glomerular filtration rate, <30 mL/min/1.73 kg/m 2 ) who are prescribed warfarin are at higher risk of over-anticoagulation, which is associated with more than double the risk for major bleeding compared with patients with mild or moderate chronic kidney disease. 26 Patients with cognitive impairment have difficulty in managing their warfarin intake, coping with dosage adjustment, and being aware of drug and food interactions; all of which may result in over-or under-anticoagulation.
Warfarin can interact with many drugs and herbal products. This has clinical implications because polypharmacy and adjustment of medications due to an acute illness is frequent in the elderly. Polypharmacy is an independent risk factor for warfarin-related major bleeding and there is a 12% increase in risk for each additional drug taken. 24 It is relatively easier to manage drugs in chronic use than those prescribed for a short period of time or when necessary. Warfarin-drug interaction is through the influence of pharmacokinetics that reduce gastrointestinal absorption or disrupts metabolic clearance and pharmacodynamics that alter the haemostatic response. 25 The Box lists the common drugs and food that interact with warfarin. 27 It should be noted that the majority of the data are from case series or reports because of the scarcity of randomised controlled trials. Thus, the rate of harm and its generalisation to all warfarin users needs continuous review. Nonetheless, physicians should proceed with caution and frequently monitor INR when prescribing potential offending drugs. There is a group of drugs that potentiate bleeding on their own without alteration of INR that includes antiplatelet drugs, heparin, non-steroidal antiinflammatory drugs (NSAIDs), cyclooxygenase-2 (COX-2) inhibitors, and selective serotonin reuptake inhibitors.
Pain syndrome and analgesic use are common in the elderly. Among analgesics, paracetamol is preferred for occasional use when taking warfarin. 28 A dose that exceeds 2 g daily for more than a few days may raise INR and increase the bleeding risk, however. The NSAIDs, including COX-2 selective NSAIDs, should be avoided. Non-pharmacological methods of pain relief to minimise the use of analgesics are encouraged.
Undiagnosed/occult atrial fibrillation
It is not uncommon for a patient to have AF first diagnosed when ischaemic stroke occurs. Very often, AF is undiagnosed as it is usually asymptomatic; 10% to 40% of AF cases are asymptomatic. 29 A population-based study revealed that 20.1% of AF in patients aged >60 years was undiagnosed. 30 Paroxysmal AF, which bears a similar stroke risk and benefit from anticoagulation to sustained AF, 31 also easily evades ordinary electrocardiography (ECG) screening. Paroxysmal AF is common (up to 16%) in cryptogenic stroke 32 that constitutes 25% of ischaemic stroke.
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Alternatives to warfarin
Low-intensity warfarin
Intensity of anticoagulation correlates directly with incidence of haemorrhage, 34 thus low-intensity warfarin with a subtherapeutic range of INR, such as INR of <2, is suggested for the elderly to lower bleeding risk while still effectively preventing stroke. The Boston Area Anticoagulation Trial for Atrial Fibrillation Investigators found that low-dose warfarin (target INR, 1.5-2.7) was more effective than placebo in stroke prevention. 35 There is a racial difference in response to warfarin-a lower INR target of 1.8 to 2.4 appears to be sufficient in lowering both major bleeding and thromboembolic events in Chinese. 36 Japanese studies and their registry data also support the lower INR target and have recommended INR of 1.6 to 2.6 for AF patients of ≥70 years in their AF management guideline.
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Aspirin plus clopidogrel
Aspirin (75-100 mg daily)-clopidogrel (75 mg daily) dual therapy has been shown to be better than aspirin alone in stroke prevention in AF patients, reducing stroke risk by 28% compared with aspirin alone. 38 Nonetheless, it is inferior to OAC in AF patients with at least one risk factor for stroke; OAC reduced stroke risk by 42% compared with dual therapy. 39 Both dual therapy and OAC were associated with similar but higher bleeding risk than aspirin. Therefore, dual therapy may only be considered for patients in whom OAC is unsuitable or for patient preference. 8 
Novel oral anticoagulants
Novel OACs (dabigatran, rivaroxaban, apixaban, and edoxaban) have been approved by the US Food and Drug Administration (FDA) for AF stroke prevention. They have undergone large clinical trials in AF patients (mean age ≥70 years) with at least one additional stroke risk factor. Rivaroxaban, dabigatran 110 mg, and edoxaban were non-inferior whilst both apixaban and dabigatran 150 mg were superior to warfarin in stroke or systemic embolism prevention; overall they significantly reduced the risk by 19% compared with warfarin, mainly due to a large reduction in haemorrhagic stroke. 40 All-cause mortality was also significantly reduced by 10%. The newer anticoagulants appear to be safer with at least a similar major bleeding rate and consistently lower ICH rate (>50% fewer) compared with warfarin. The exception is gastrointestinal bleeding risk in dabigatran 150 mg, rivaroxaban and edoxaban 60 mg, occurrence of which was 25% more than with warfarin. The favourable result was sustained across a wide stratum of patients at high risk of both ischaemic and bleeding events. The efficacy and safety of novel OACs are consistent among Asian patients including Chinese [41] [42] [43] as well as Chinese elderly aged ≥80 years. 44 Because of the favourable efficacy and safety profile, current guidelines have recommended novel OACs as an alternative to warfarin in primary and secondary stroke prevention in patients with non-valvular AF. 8 In addition, novel OACs are convenient because of their predictable and reliable anticoagulation properties, with far fewer drug interactions and no food interactions or dietary restrictions. They can be administered at a fixed dose and monitoring of coagulation is unnecessary.
Nonetheless, their use is not without drawbacks. They are eliminated renally, thus dose adjustment based on renal function is required and they are not recommended for patients with severely impaired renal function (creatinine-clearance, <15 mL/min). Although drug interactions are fewer than those for warfarin, there is potential interaction with P-glycoprotein and CY3A4 inhibitors or inducers, which include common cardiovascular drugs such as amiodarone, dronedarone and diltiazem (all are combined P-glycoprotein inhibitors and weak/ moderate CYP3A4 inhibitors), and anti-infectives such as rifampicin (strong CYP3A4 inducers), clarithromycin and ketoconazole (strong dual inhibitors of P-glycoprotein and CYP3A4), thus caution is required. Because they do not affect INR and there is no readily available measure to monitor their anticoagulation, it is difficult to confirm if patients are compliant with therapy. Thus, good drug compliance is as important as taking warfarin. Besides, the cost of novel OAC is more expensive and long-term evidence is not complete. For those patients already on warfarin who have satisfactory anticoagulation control, whether there is extra benefit in switching to novel OAC needs to be explored.
Left atrial appendage closure
Since >90% non-valvular AF stroke inducing thromboemboli are from the left atrial appendage (LAA), LAA closure is considered an alternative to OAC. 45 Percutaneous occlusion by placing the WATCHMAN device in the LAA was approved by the US FDA for the prevention of LAA thromboembolism in patients in whom OAC was contra-indicated or in whom management with an OAC was difficult. The WATCHMAN device was shown to be noninferior to OAC in the composite endpoint of stroke, cardiovascular death, and systemic embolism. 46 Main adverse effects are procedure-related, eg pericardial effusion, incomplete LAA closure, dislodgement of device, and blood clot formation on the device that requires prolonged OAC.
Decision-making and strategies to improve
The aim of prescribing OAC to AF patients is to prevent stroke or systemic embolism such that patients' health and functional state can be maintained. The decision to prescribe an OAC in the elderly is complicated, however. It requires not only balancing the stroke risk and bleeding risk from OAC, but also needs to consider the patient's general health, functional and cognitive ability, availability of a caregiver, and patient's attitude and preference towards anticoagulation. Elderly patients with AF who are in good health or have few co-morbidities and a good functional state will definitely benefit from OAC; for patients in poor health with multiple co-morbidities who are functionally dependent, OAC is not likely to provide additional benefit and there is a high risk of bleeding. Apart from that, decision making for other clinical scenarios is not easy. Careful assessment and discussion with patients and/or caregivers is essential when deciding whether to prescribe OAC.
Better preparation of eligible patients for anticoagulation by optimising their medical condition to reduce the risk of stroke and bleeding, together with education of patients and caregiver to enhance compliance, are also useful. The following are recommendations to improve the safety and optimal effect of OAC:
• 
Conclusion
The elderly with AF are more prone to stroke than younger patients, especially those aged ≥75 years. Anticoagulation is effective in the prevention of stroke in the elderly despite the increased bleeding risk. Age alone should not exclude anticoagulation. Novel OAC is convenient with comparable efficacy to warfarin and a lower risk for ICH. This may improve the prescription, however, long-term evidence is awaited. The best management of the elderly with AF depends on careful estimation of thromboembolic and bleeding risk, patient's ability to cope with anticoagulation, and patient preference. Optimal control of other potential risk factors for stroke and bleeding is also important.
